The Case
A 68 year-old woman presented to the emergency department with severe breathlessness. She was a lifelong smoker who had chronic obstructive pulmonary disease managed with home nebulisers. She had never previously been admitted to hospital. During the week prior to admission she had become increasingly dyspnoeic and developed a non-productive cough. During transfer to hospital her dyspnoea worsened. She was treated for bronchospasm with intra-muscular adrenaline 0.5 mg and continuous nebulised bronchodilator therapy. On arrival in the emergency department she had ventricular tachycardia on ECG which was treated with amiodarone 300 mg and cardioverted to sinus rhythm. Arterial blood gases showed hypoxaemia and a mixed metabolic and respiratory acidosis. Chest radiography showed consolidation in the right lower and middle lobes. She had a leucocytosis (white cell count 15,000 /ml) and an elevated troponin I (0.15 g/ml).
An initial diagnosis of type two respiratory failure due to an infective exacerbation of chronic obstructive pulmonary disease was made and the patient transferred to a respiratory high dependency unit for non-invasive ventilatory support. She improved rapidly after an hour of biphasic positive airway pressure ventilation (BiPAP). Her presumed pneumonia was treated with intravenous cefuroxime. A secondary diagnosis of acute coronary syndrome was made and she was started on aspirin, clopidogrel and low molecular weight heparin and the infusion of amiodarone continued.
Over the next 48 hours she suffered three further episodes of acute respiratory distress requiring non-invasive ventilatory support. She was admitted to the intensive care unit after the second deterioration and again improved rapidly with a short period of non-invasive ventilation. During this admission it was felt that these episodes clinically resembled acute left ventricular failure. Trans-thoracic echocardiography was done and showed good left ventricular function with no valvular abnormalities. The patient was subsequently discharged from intensive care.
Eighteen hours later she re-presented with acute respiratory failure. When reviewed by the intensive care team she was in extremis, with a respiratory rate of 40. She was receiving non-invasive ventilatory support with BiPAP and was cardiovascularly compromised with atrial fibrillation at a rate of 140, and a systolic blood pressure of 80 mmHg. Her arterial blood gases showed that she was hypoxaemic with a mixed respiratory and metabolic acidosis.
She was transferred to the intensive care unit for intubation and ventilatory support. A rapid sequence induction was performed with midazolam 4 mg, propofol 50 mg and suxamethonium 100 mg. On direct laryngoscopy, a large stenosing supraglottic lesion was seen, almost completely obscuring the anterior glottic aperture. Fortunately the mass was mobile and pedunculated and could be moved to one side, allowing intubation.
Once intubated the patient's condition improved. On fibreoptic bronchoscopy there was minimal inflammatory debris in the right middle and lower lobe bronchi. A surgical tracheostomy was performed and a biopsy taken of the glottic lesion. Histological examination revealed this to be a poorly differentiated squamous cell carcinoma.
The patient underwent a total laryngectomy with an uneventful postoperative course. On subsequent follow-up she was found to have cervical lymph node metastases and she had a radical neck dissection, from which she made an uneventful recovery.
Discussion
The diagnosis of acute severe breathlessness can be difficult. The differential diagnosis includes asthma, other more chronic forms of airway limitation, left ventricular failure and pneumonia. Upper airway obstruction may not be considered in the absence of stridor. The association of an upper airway tumour with dyspnoea and stridor is recognised 1 and it has also been cited as a cause of failure of non-invasive ventilatory support. 2 It is, however, rare to find associated non-cardiogenic pulmonary oedema as the predominant clinical finding, as in this case.
Negative pressure pulmonary oedema secondary to upper airway obstruction has typically been associated with acute laryngospasm 3 but a variety of other causes have been cited, implicating both airway device obstruction and upper airway
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Tumour obstructing the laryngeal aperture (arrow) pathology. 4, 5 In the postoperative setting, the development of pulmonary oedema is seen more often in young fit male patients. 6 The mechanism can be partially explained by Starling forces in the pulmonary vasculature. Normal capillary hydrostatic pressure is responsible for the efflux of fluid from the vascular space into the interstitial space. This is opposed by hydrostatic pressure in the lung interstitium. In the lung the alveoli, interstitial space and capillary endothelium form a closely associated unit, and forces are readily transmitted between them. Thus a large negative intrathoracic pressure applied to the alveoli and lung interstitium causes an increase in the transcapillary pressure gradient and a consequent increase in extravascular lung water.
A second, and probably more important mechanism for explaining the pulmonary oedema seen in this patient, relates to the changes in left ventricular preload and afterload associated with the exaggerated intra thoracic pressure changes which occur during spontaneous ventilation against an obstructed airway. The transmural pressure gradient between the left ventricle and the thoracic cavity is a key determinant of the left ventricular afterload, or the force needed to eject the stroke volume. During positive pressure ventilation this gradient, and hence the afterload, is reduced, explaining the beneficial effects of positive pressure ventilation in patients with poor ventricular function. Conversely, extremes of negative intra thoracic pressure cause a profound increase in the transmural pressure gradient and an increase in left ventricular afterload. The subsequent increase in left ventricular pressure may be great enough to cause frank pulmonary oedema as in this case. The negative intrathoracic pressure also increases venous return to the right heart and thus increased right and left ventricular preload. The effect of this change in preload will be dependent on the part of the Starling curve the ventricle is currently operating on, so may increase, decrease or have a minimal effect on cardiac output.
Unlike more chronic causes of left ventricular failure, the physical forces producing negative pressure pulmonary oedema tend to be transient and resolution of symptoms is common once the cause, such as airway obstruction, is removed. Application of positive pressure to the airway, such as occurs during treatment with CPAP, BiPAP or IPPV will increase the speed of resolution. The use of medical treatments such as nitrates and diuretics, although helpful in cases of pulmonary oedema caused by acute on chronic left ventricular dysfunction 7 are unlikely to be of benefit, and treatment should be directed towards removing the primary cause.
In this case the clinical presentation of severe acute dyspnoea was suggestive of pulmonary oedema, but the cause was presumed to be cardiac because of the presence of ventricular tachycardia on presentation with an elevated troponin level. However the complete resolution of symptoms between episodes and good left ventricular function on seen echocardiogram made this diagnosis less likely. The absence of stridor in this case indicated that the airway was almost completely obstructed which explains the severity of the pulmonary oedema that followed.
This case suggests that a diagnosis of upper airway obstruction and consequent negative pressure pulmonary oedema should be considered in patients presenting with severe dyspnoea. Some features useful in making this diagnosis are failure to respond to conventional medical therapy, a remitting and relapsing course with several episodes of sudden deterioration interspersed with periods of clinical normality and a dramatic response to the institution of ventilatory support.
